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(54) Starter/generator apparatus for four-cycle internal combustion engine 



(57) The invention miniaturizes a four-cycle engine 
wherein camshaft driving means is provided on a crank- 
shaft. [Solving Means] A sprocket wheel 59 for driving a 
camshaft is mounted on a crankshaft 12 which projects 
from a crank chamber 9, and a starter/generator appa- 
ratus is provided on the outer side with respect to the 
sprocket wheel 59. A governor 54 including a governor 
weight 55 which operates with a centrifugal force is pro- 
vided on the side of an inner rotor 15 adjacent the 
sprocket wheel 59 while a brush holder 41 including 
brushes 44 is provided on the outer side of the inner 
rotor 15. In order to bring the brushes 44 into and out of 
contact with commutator pieces 53 in response to a 
movement of the governor weight 55, the governor 54 
and the brush holder 41 are connected to each other by 
a connection pin 45. By the construction described, the 
extent over which the starter/generator apparatus 
projects to the outer side can be reduced. 



FIG. 1 
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Description 

[0001] This invention relates to a starter/generator 
apparatus, and more particularly to a starter/generator 
apparatus for a four-cycle internal combustion engine. s 
[0002] A starter/generator apparatus used in a con- 
ventional internal combustion engine (hereinafter 
referred to as "engine") is described taking an appara- 
tus disclosed in the official gazette of Japanese Patent 
Laid-open No. Hei 9-215292 as an example. FIG. 1 1 is w 
a sectional view of a starter/generator apparatus used 
in a two-cycle engine for a motorcycle. The starter/gen- 
erator apparatus 100 is provided sidewardly of a crank- 
case 101. An inner rotor 102 has a rotor boss 103 fitted 
at an end portion of a crankshaft 1 04 and is fastened to is 
the crankshaft 104 for integral rotation by a nut 105. Per- 
manent magnets 106 are mounted at six different loca- 
tions on an outer periphery of the rotor boss 103. and a 
rotor cover 107 is fitted on the permanent magnets 106. 
[0003] A cylindrical portion 103a is provided to so 
project on one side face of the rotor boss 103, and a 
cylindrical governor inner member 108 is fitted on an 
outer periphery of the cylindrical portion 103a for sliding 
movement in an axial direction of the crankshaft 104. It 
is to be noted that relative movement in a direction of 25 
rotation between the governor inner member 108 and 
the cylindrical portion 103a of the rotor boss 103 is 
restricted by a pin not shown. A compression spring 109 
is accommodated between the governor inner member 
1 08 and the cylindrical portion 1 03a such that it exerts a 30 
force to act in a direction in which the governor inner 
member 108 and the rotor boss 103 are moved away 
from each other. 

[0004] A governor outer member 1 1 0 provided such 
that it surrounds the governor inner member 108 from 35 
the outer periphery of it is secured to one side face of 
the rotor boss 103 by a rivet 111. The governor inner 
member 108 and the governor outer member 110 form 
a pocket 113 in which a metal ball 1 12 as a governor 
weight is accommodated, and the sectional shape of 40 
the pocket 113 has a tapering shape tapering towards 
the governor outer member 1 10 side. 
[0005] A brush holder 1 14 is provided on an outer 
side of a bottom portion of the governor inner member 
108, and the brush holder 1 14 and the governor inner as 
member 108 are assembled together by a bolt 115, 
Brushes 1 17 each biased by a compression spring 116 
are provided on the brush holder 114. 
[0006] Generating coifs 1 19 and starting coils 120 
are wound around stator cores 1 18a of an outer stator so 
1 18 disposed on an outer periphery of the inner rotor 
102, and a cylindrical portion 121 extending from the 
stator cores 1 18a covers over the governor outer mem- 
ber 110 and part of the brush holder 114. Further, a 
commutator holder 122 is connected to and supported 55 
by an end portion of the cylindrical portion 121 of the 
stator cores 1 1 8a Commutator pieces 1 23 on which the 
brushes 1 1 7 slide are secured to the commutator holder 



122. 
[0007] 

[0007] In the construction described above, when 
current is supplied from a battery not shown to the start- 
ing coils 120 through the commutator pi ces 123 and 
the brushes 117, torque is generated on the inner rotor 
102, and the crankshaft 104 is rotated to start the 
engine. As the speed of rotation of the inner rotor 102 
increases, the metal ball 1 1 2 in the pocket 1 13 is moved 
toward the governor outer member 110 side by a centrif- 
ugal force and acts to move the governor inner member 
108 away from the governor outer member 1 10 in an 
axial direction of the crankshaft 104, and the brush 
holder 114 is moved together with the governor inner 
member 108. As a result, the brushes 117 are spaced 
away from the commutator pieces 123. After the 
brushes 117 are spaced away from the commutator 
pieces 123, the crankshaft 104 is driven to rotate by the 
engine, and as a result, electric power is generated by 
the generating coils 1 19 and current is supplied to the 
battery not shown. 

[0008] (n the starter/generator apparatus, since the 
governor mechanism and the brush mechanism are 
provided adjacent the outer side of the inner rotor, that 
is, at positions spaced away from a bearing of the crank- 
shaft, there is a problem that the projecting amount of 
the crankshaft in a direction toward its end is great. In a 
four-cycle engine wherein a camshaft is provided in a 
cylinder head, driving means for the camshaft is some- 
times disposed on a crankshaft. Accordingly, in thic 
instance, the distance from a bearing portion of the 
crankshaft to an end portion of the crankshaft further 
increases. Particularly where a body having a high 
moment of inertia such as a governor weight is provided 
at the end of the shaft, this causes an increase in size of 
the engine in that the diameter of the crankshaft must 
be increased or the like. 

[0009] Taking the subject described above into con- 
sideration, it is an object of the present invention to pro- 
vide a starter/generator apparatus which can reduce a 
projecting portion of a crankshaft in a direction toward 
an end thereof to achieve miniaturization of an engine. 
[001 0] In order to solve the subject described above 
and achieve an object, according to the present inven- 
tion, a starter/generator apparatus for a four-cycle 
engine having a valve driving system for driving an 
intake valve and an exhaust valve provided on a cylinder 
head and driving means for the valve driving system 
provided on one side of a crankshaft is characterized in 
that it comprises an inner rotor provided at an end por- 
tion of the crankshaft on the side on which the driving 
means is provided and having a permanent magnet dis- 
posed on a circumference thereof, an outer stator dis- 
posed around an outer periphery of the inner rotor and 
having a starting coil and a generating coil thereon, gov- 
ernor means provided on the inner rotor on the side 
adjacent the driving means, feeding brush means for 
the starting coil provided on the inner rotor for displace- 
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ment in an axiai direction of the inner rotor on the side 
opposite to the side on which the driving means is pro- 
vided, and connection means for connecting the gover- 
nor means and the feeding brush means to each other 
in order to bring the feeding brush means into and out of 5 
contact with the feeding side. 

[0011] According to the characteristic described 
above, the driving means for the valve driving system, 
the governor means, the inner rotor and the feeding 
brush means are disposed in this order toward the outer 10 
side from a crank chamber on the crankshaft. By such 
disposition as just described, the extent over which the 
crankshaft or a portion provided on the crankshaft 
projects toward the outer side can be reduced. Further, 
since a portion having a high moment of inertia such as f 5 
the governor means is disposed rather near to the 
center of the crankshaft, in other words, nearer to the 
crank chamber, the crankshaft need not have a great 
diameter, and miniaturization of the engine can be 
anticipated. 20 
[0012] As apparent from the foregoing description, 
according to the invention as set forth in claim 1, when 
driving force is provided from a crankshaft to a camshaft 
provided on a cylinder head of a four-cycle engine, the 
extent over which such elements as an inner rotor for 25 
starting and generation provided on the crankshaft 
project outwardly can be reduced. Accordingly, minia- 
turization of the entire engine can be anticipated. 
[Gui'Sj in iUe following, the present invention is 
described in detail with reference to the drawings. 30 

FIG. 1 is a sectional view of an engine including a 
starter/generator apparatus according to an 
embodiment of the present invention. 

35 

FIG. 2 is a side elevational sectional view of a cylin- 
der head and associated members therearound of 
the engine including the starter/generator appara- 
tus according to the embodiment of the present 
invention. <o 

FIG. 3 is a front elevational sectional view of the cyl- 
inder head and associated members therearound 
of the engine. 

45 

FIG. 4 is a rear elevational sectional view of the cyl- 
inder head and associated members therearound 
of the engine. 

FIG. 5 is a sectional view of an automatic gear and so 
associated members therearound of the engine 
including the starter/generator apparatus according 
to the embodiment of the present invention. 

FIG. 6 is a sectional view of a centrifugal clutch and ss 
the automatic gear of the engine including the 
starter/generator apparatus according to the 
embodiment of the present invention. 



FIG. 7 is a sectional view of a lubricating system of 
the engine including the starter/generator appara- 
tus according to the embodiment of the present 
invention. 

FIG. 8 is a side elevational sectional view of a 
crankshaft and associated members therearound 
showing an arrangement of a sensor (crank pulser) 
which generates a crank pulse. 

FIG. 9 is a front elevational sectional view of the 
crankshaft and associated members therearound. 

FIG. 10 is a side elevational view of a motorcycle 
which installs the engine including the starter/gen- 
erator apparatus according to the embodiment of 
the present invention. 

FIG. 1 1 is a partial sectional view of a conventional 
starter/generator apparatus. 

[001 4] FIG. 1 0 is a side elevational view of an entire 
motorcycle on which a starter/generator apparatus 
which is an embodiment of the present invention is car- 
ried. Referring to FIG. 10, a body front section 2 and a 
body rear section 3 are connected to each other by a 
low floor section 4, and a skeleton of a body is formed 
from a body frame including a down tube 6 and a main 
pipe 7. A fuel tank and an accommodation box (both not 
shown) are supported on the main pipe 7, and a seat 8 
is disposed on them. The seat 8 can serve also as a lid 
for a luggage box disposed below the seat 8, and the 
luggage box is constructed so as to be opened or 
closed by a hinge mechanism provided at a front portion 
FR thereof. 

[0015] Meanwhile, on the body front section 2, a 
steering head 5 is provided on the down tube 6, and a 
front fork 12A is supported for pivotal motion by the 
steering head 5. A handle bar 11A is mounted at an 
upper end of the front fork 12A which extends upwardly 
while a front wheel 13A is supported for rotation at a 
lower end of the front fork 12A. An upper portion of the 
handle bar 1 1 A is covered with a handle cover 33 which 
serves also as a meter panel. 
[0016] A link member (hanger) 37 is supported for 
pivotal motion at an intermediate portion of the main 
pipe 7, and a swing unit 17 is connected to and sup- 
ported on the main pipe 7 for swinging movement by the 
hanger 37. A single-cylinder four-cycle engine 200 is 
carried at a front portion of the swing unit 1 7. A non- 
stage transmission 35 is formed such that it extends 
rearwardly from the engine 200, and a rear wheel 21 is 
supported for rotation on a speed reduction mechanism 
38 provided at a rear portion of the non-stage transmis- 
sion 35 with a centrifugal clutch interposed therebe- 
tween. A rear cushion 22 is interposed between an 
upper end of the speed reduction mechanism 38 and an 
upper bent portion of the main pipe 7, An intake pipe 23 
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extending from a cylinder head 32 of the engine 200 is 
connected to a front portion of the swing unit 1 7, and a 
carburetor 24 and an air cleaner 25 connected to the 
carburetor 24 are disposed for the intake pipe 23. 

[001 7] A Kick arm 28 is securely mounted at a base s 
end thereof on a kick shaft 27 which extends from a 
transmission case cover 36 of the belt type non-stage 
transmission 35, and a kick pedal 29 is provided at an 
end of the kick arm 28. A main stand 26 is mounted for 
pivotal motion on a pivot 1 8 provided at a lower portion 10 
of a swing unit case 31, and upon parking, the main 
stand 26 is erected uprightly (indicated by a chain line). 
[0018] Subsequently, the engine 200 mentioned 
hereinabove is described in detail. FIG. 1 is a sectional 
view of the engine 200 showing a structure of the is 
starter/generator apparatus and is a sectional view 
taken along line A-A of FIG. 10. Referring first to FIG. 1 , 
a crankshaft 12 supported for rotation by main bearings 
10, 11 is provided on the swing unit case 31 which 
includes the hanger 37 held by the main pipe 7 20 
described above, and a connecting rod 14 is connected 
to the crankshaft 12 by a crank pin 13. An inner rotor 15 
of the starter/generator apparatus is provided at one 
end portion of the crankshaft 12 which extends from a 
crank chamber 9. 25 
[0019] The inner rotor 15 includes a rotor boss 16 
and permanent magnets 1 9 fitted on an outer periphery 
of the rotor boss 16. The permanent magnets 19 are, for 
example, neodymiurrr-irorrborcn typo magnets and are 
provided at six locations at equal angular distances 30 
around the crankshaft 12. The rotor boss 16 is fitted at 
a central portion thereof with a tapering portion of an 
end of the crankshaft 12. A flange member 39 is dis- 
posed at an end of the rotor boss 16 (end on the oppo- 
site side to the crankshaft 12), and the rotor boss 16 is 35 
secured to the crankshaft 12 together with the flange 
member 39 by a bolt 20. 

[0020] A small diameter cylindrical portion 40 pro- 
jecting to the flange member 39 side is formed on the 
rotor boss 16, and a brush holder 41 is provided on an 40 
outer periphery of the small diameter cylindrical portion 
40 for sliding movement on the small diameter cylindri- 
cal portion 40. The brush holder 41 is biased toward the 
flange member 39 by a compression coil spring 42. 
Brushes 44 each biased by a compression coil spring 45 
43 are provided on the brush holder 41 . A connection 
pin 45 extending in parallel to the center axis of the 
crankshaft 12 extends through the rotor boss 16, and an 
end of the connection pin 45 is connected to the brush 
holder 41 while the other end of the connection pin 45 is so 
connected to a pfate 46 of the governor (hereinafter 
described in detail). 

[0021] Stator cores 48 of an outer stator 47 dis- 
posed on an outer periphery of the inner rotor 15 are 
secured to the swing unit case 3 1 by bolts 49. A gener- 55 
ating coil 50 and a starting coil 51 are wound around a 
yoke 49a of each of the stator cores 48, and a cylindrical 
portion 49b extending from the stator cores 48 covers 



over the brush holder 41 described above. A commuta- 
tor holder 52 is connected to an end portion of the cylin- 
drical portion 49b, and commutator pieces 53 are 
secured to the commutator holder 52 for sliding move- 
ment with the brushes 44. In particular, the commutator 
pieces 53 are disposed at positions opposing to the 
brushes 44 biased by the compression coil springs 43 
described hereinabove. 

[0022] It is to be noted that, although only one 
brush 44 is shown in FIG. 1 , naturally not only the one 
but a required number of such brushes 44 are provided 
in a direction of rotation of the inner rotor 15. An exam- 
ple of the quantity and the shape of the brushes and the 
commutator pieces is disclosed in the specification of a 
preceding application (Japanese Patent Laid-open No. 
Hei 9-215292) by the applicant of the present applica- 
tion. Further, the stroke of the brushes 44 is limited to a 
predetermined amount so that, when the brush holder 
41 is displaced to the crankshaft 12 side by a governor 
which is hereinafter described, the brushes 44 are 
spaced away from the commutator pieces 53. For the 
limitation of the stroke, stopping means not shown is 
provided between the brush holder 41 and the brushes 
44. 

[0023] A governor 54 for automatically changing 
over between a starting mode and a generation mode is 
provided at an end portion of the rotor boss 16, that is, 
on a f itting portion side of the rotor boss 16 with the 
crankshaft 12. The governor 54 includes the plate 46 
described hereinabove, and a roller 
governor weight for displacing the plate 46 toward the 
center axis of the crankshaft 12. While the governor 
weight (roller) 55 is preferably formed from a core made 
of a metal and covered with a cover of a resin, it may be 
a metal core having no resin cover provided thereon or 
may be formed from a resin as a whole. A pocket 56 for 
accommodating the governor weight (roller) 55 therein 
is formed on the rotor boss 16, and the pocket 56 has a 
tapering cross section which is concave on the outer 
stator 47 side as seen in FIG. 1 . 
[0024] A radiator fan 57 is mounted on the flange 
member 39, and a radiator 58 is provided in an oppos- 
ing relationship to the radiator fan 57. Further, a 
sprocket wheel 59 is secured to the crankshaft 12 
between the inner rotor 1 5 and the main bearing 1 1 , and 
a chain 60 for acquiring power for driving a camshaft 
(refer to FIG. 2) from the crankshaft 12 is wrapped 
around the sprocket wheel 59. It is to be noted that the 
sprocket wheel 59 is formed integrally with a gear wheel 
61 for transmitting power to a pump which circulates 
lubricating oil. The gear wheel 61 transmits power to 
another gear wheel secured to a drive shaft for a gear 
pump which is hereinafter described with reference to 
FIG. 7. 

[0025] In the construction described above, if a 
start button is depressed to apply a voltage from a bat- 
tery (not shown) to the commutator pieces 53, then cur- 
rent flows to the starting coil 51 through the brushes 44 
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so that the inner rotor 15 is rotated. As a result, the 
crankshaft 12 coupled to the inner rotor 15 is rotated to 
start the engine 200. As the speed of rotation of the 
engine 200 increases, the governor weight (roller) 55 is 
acted upon by a centrifugal force and is moved toward 
an outer periphery of the rotor boss 16 in the pocket 56 
until it comes to a position indicated by a chain line in 
FIG. 1. 

[0026] As the governor weight (roller) 55 moves, 
also the plate 46 and the connection pin 45 which is 
held in engagement with the plate 46 are displaced as 
indicated by chain lines. Since the other end of the con- 
nection pin 45 is held in engagement with the brush 
holder 41, also the brush holder 41 is displaced simi- 
larly. Since the stroke of the brushes 44 is limited as 
described above, if the brush holder 41 is displaced by 
an amount greater than the stroke, then the contact 
between the brushes 44 and the commutator pieces 53 
is cancelled. After the brushes 44 are displaced from 
the commutator pieces 53, the crankshaft 12 is driven 
by the engine to rotate, and as a result, electric power is 
generated by the starting coils 51 and current is sup- 
plied to the battery. 

[0027] Subsequently, a structure of a head and 
associated members therearound of the engine 200 is 
described. FIG. 2 is a side elevational sectional view of 
a head of the engine and associated members therea- 
round, FIG. 3 is a front elevational sectional view of 
them, and FK3. 4 is a rear elevational sectional view of 
them. A piston 63 disposed in a cylinder 62 is connected 
to the small end side of the connecting rod 14 by a pis- 
ton pin 64. An ignition plug 65 is screwed to the cylinder 
head 32, and an electrode portion of the ignition plug 65 
faces a combustion chamber formed between the head 
of the piston 63 and the cylinder head 32. The cylinder 
62 is surrounded by a water jacket 66. 
[0028] A camshaft 69 supported for rotation by 
bearings 67, 68 is provided above the cylinder 62 in the 
cylinder head 32. An attachment 70 is fitted on the cam- 
shaft 69, and a cam sprocket wheel 72 and a reluctor 
portion 72a for cooperating with a cam sensor 155 to 
generate a cam pulse are fastened together with each 
other to the attachment 70. The chain 60 extends 
around the cam sprocket wheel 72. Rotation of the 
sprocket wheel 59 (refer to FIG. 1) described above, 
that is, rotation of the crankshaft 12, is transmitted to the 
camshaft 69 by the chain 60. 
[0029] Rocker arms 73 are provided above the 
camshaft 69, and each of the rocker arms 73 is rocked 
in accordance with a cam profile of the camshaft 69 as 
the camshaft 69 rotates. The cam profile of the cam- 
shaft 69 is determined so that each of an intake valve 95 
and an exhaust valve 96 is opened and closed in 
response to a predetermined stroke of a four-cycle 
engine. The intake pipe 23 is opened and closed by the 
intake valve 95, and an exhaust pipe 97 is opened and 
closed by the exhaust valve 96. 
[0030] An exhaust cam and an intake cam are 
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formed integrally on the camshaft 69, and a decomp 
cam 98 which engages the camshaft 69 only for a direc- 
tion of reverse rotation is provided adjacent the cams. 
When the camshaft 69 rotates reversely, the decomp 
s cam 98 is rotated following the rotation of the camshaft 
69 to a position at which it extends farther than the pro- 
file of the outer periphery of the exhaust cam. 
[0031] Accordingly, when the camshaft 69 rotates 
forwardly, the exhaust valve 96 can be positioned at a lit- 
re tie lifted position, and the load in the compression stroke 
of the engine can be reduced. Consequently, since the 
torque when the crankshaft is started can be reduced, a 
starter of a small size can be used as the starter for the 
four-cycle engine. As a result, there is an advantage 
15 that associated members around the crank can be 
made compact and the bank angle can be made great. 
It is to be noted that, when the cam rotates forwardly for 
a little while, the outer profile of the decomp cam 98 
returns to a position within the profile of the outer 
20 periphery of the exhaust cam. 

[0032] A pump chamber 76 surrounded by a water 
pump base 74 and a water pump housing 75 is formed 
in the cylinder head 32. A pump shaft 78 having an 
impeller 77 is disposed in the pump chamber 76. The 
25 pump shaft 78 is fitted at an end portion of the camshaft 
69 and is held for rotation by means of a bearing 79. 
Driving force of the pump shaft 78 is obtained from a pin 
80 which engages a central portion of the cam sprocket 
wheel 72. 

30 [0033] An air reed valve 94 is provided or. a head 
cover 81 . The air reed valve 94 takes air in to augment 
the emission when a negative pressure is produced in 
the exhaust pipe 97. It is to be noted that, while seal 
members are provided at several locations around the 

35 pump chamber 76, description of individual ones of 
them is omitted. 

[0034] Subsequently, an automatic gear which 
transmits rotation of the engine 200 to the rear wheel 
while changing the speed of it. FIGS. 5 and 6 are sec- 

40 tional views of the automatic gear of the engine, and 
FIG. 5 shows the driving side while FIG. 6 shows the 
driven side. Referring to FIG. 5, a pulley 83 for wrapping 
a V-belt 82 therearound is provided at an end portion of 
the crankshaft 12 on the side opposite to the side on 

45 which the inner rotor 1 5 of the starter/generator appara- 
tus described above is provided. The pulley 83 is com- 
posed of a fixed pulley piece 83a fixed against 
movement in a rotational direction and an axial direction 
with respect to the crankshaft 12 and a movable pulley 

so piece 83b slidably movable in an axial direction with 
respect to the crankshaft 12. A holder plate 84 is pro- 
vided on the rear face of the movable pulley piece 83b, 
that is, a face of the movable pulley piece 83b which 
does not contact with the V-beft 82. The holder plate 84 

55 is restricted in movement in both of a rotati onal direction 
and an axial direction with respect to the crankshaft 12 
and rotates integrally with the crankshaft 12. A free 
spac defined by the holder plate 84 and the movable 
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pulley piece 83b forms a pocket in which a roller 85 
serving as a governor weight is accommodated. 
[0035] Meanwhile, a clutch mechanism for coupling 
power to the rear wheel 21 is constructed in the follow- 
ing manner. Referring to FIG. 6, a main shaft 125 of the 
clutch is supported by a bearing 127 fitted in a casing 
126 and another bearing 129 fitted in a gear box 128. A 
fixed pulley piece 132a of a pulley 132 is supported on 
the main shaft 125 by a pair of bearings 130 and 131 . A 
cup-shaped clutch plate 134 is secured to an end por- 
tion of the main shaft 125 by a nut 133. 
[0036] A movable pulley piece 132b of the pulley 
132 is provided for sliding movement in a longitudinal 
direction of the main shaft 125 on a sleeve 135 of the 
fixed pulley piece 132a. The movable pulley piece 132b 
engages a disk 136 for integral rotation around the main 
shaft 125. A compression coil spring 137 which exerts a 
repulsive force in a direction in which the distance 
between the disk 136 and the movable pulley piece 
132b is increased is provided between the disk 136 and 
the movable pulley piece 132b. Further, a shoe 139 sup- 
ported for rocking motion by a pin 1 33 is provided on the 
disk 136. When the speed of rotation of the disk 136 
increases, the shoe 139 is acted upon by a centrifugal 
force and rocked toward the outer periphery until it is 
brought into contact with the inner periphery of the 
clutch plate 134. It is to be noted that a spring 140 is 
provided so that the shoe 139 is brought into contact 
with the clutch plate 134 when the speed of rotation of 
the disk 136 reaches a predetermined level. 
[0037] A pinion 141 is secured to the main shaft 
125, and the pinion 141 is held in meshing engagement 
with a gear wheel 1 43 secured to an idle shaft 1 42. Fur- 
ther, a pinion 144 secured to the idle shaft 142 is held in 
meshing engagement with a gear wheel 146 of an out- 
put power shaft 145. The rear wheel 21 is composed of 
a rim 21a and a tire 21b fitted around the rim 21a, and 
the rim 21a is secured to the output power shaft 145. 
[0038] In the construction described above, when 
the engine speed is in the minimum, the roller 85 is posi- 
tioned as indicated by a solid line in FIG. 5 and the V- 
belt 82 is wrapped around a minimum diameter portion 
of the pulley 83. The movable pulley piece 132b of the 
pulley 132 is biased by the compression coil spring 137 
so that it is displaced to a position of a solid line of FIG. 
6, and the V-belt 82 is wrapped around a maximum 
diameter portion of the pulley 132. In this condition, 
since the main shaft 125 of the centrifugal clutch is 
rotated at the lowest speed, the centrifugal force applied 
to the disk 136 is in the minimum, and since the shoe 
1 39 is drawn inwardly by the spring 1 40, it does not con- 
tact with the clutch plate 134. In short, rotation of the 
engine is not transmitted to the main shaft 125 and the 
rear wheel 21 is not rotated. 
[0039] On the other hand, when the engine speed is 
high, the roller 85 is displaced to the direction of the 
outer periphery by the centrifugal force. The position 
indicated by a chain line in FIG. 5 is the position of the 
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roller 85 when the speed of rotation is in the maximum. 
When the roller 85 is displaced to the direction of the 
outer periphery, since the movable pulley piece 83b is 
pushed to move to the fixed pulley piece 83a side, the V- 

5 belt 82 is moved toward the maximum diameter portion 
of the pulley 83. Consequently, on the centrifugal clutch 
side, the movable pulley piece 132b is displaced against 
the compression coil spring 137, and the V-belt 82 is 
moved to the minimum diameter portion of the pulley 

jo 132. Accordingly, the centrifugal force acting upon the 
disk 136 increases, and the shoe 139 projects out- 
wardly against the spring 140 until it is brought into con- 
tact with the clutch plate 134. As a result, rotation of the 
engine is transmitted to the main shaft 125, and the 

is power is transmitted to the wheel 21 through the gear 
train. In this manner, the diameters of the portions of the 
pulley 83 on the crankshaft 12 side and the pulley 132 
on the centrifugal clutch side around which the V-belt 82 
is wrapped are varied in accordance with the speed of 

20 rotation of the engine and a speed changing operation 
is achieved. 

[0040] Whereas, upon starting of the engine, the 
starting coil 51 can be energized to excite the engine as 
described above, in the present embodiment, also a 

25 kick starting apparatus wherein the engine 200 is 
started by a kicking operation, is employed together. 
The kick starting apparatus is described with additional 
reference to FIG. 5. A driven dog gear wheel 86 for kick 
starting is secured to a rear face of the fixed pulley piece 

30 83a described above, Meanwhile, a support shaft S3 
having a helical gear 87 is supported for rotation on the 
cover 36 side. A cap 89 is secured to an end portion of 
the support shaft 83, and a driving dog gear wheel 90 
for meshing with the driven dog gear wheel 86 

35 d escribed above is form ed on an end face of the cap 89. 
[0041] Further, the kick shaft 27 is supported for 
rotation on the cover 36, and a sector helical gear 91 
which is held in meshing engagement with the helical 
gear 87 described above is welded to the kick shaft 27. 

40 A spline is formed at an end portion of the kick shaft 27, 
that is, a portion of the kick shaft 27 which projects out- 
wardly from the cover 36, and this spline engages 
another spline provided on the kick arm 28 (refer to FIG. 
10). It is to be noted that reference numerals 92, 93 

45 denote each a return spring. 

[0042] In the construction described above, if the 
kick pedal 29 is kicked down, then the kick shaft 27 and 
the sector helical gear 91 are rotated against the return 
spring 93. The support shaft 88 and the sector helical 

so gear 91 have spiral directions set so that, when the sec- 
tor helical gear 91 is rotated by a kicking down operation 
of the kick pedal, a thrust force for urging the helical 
gear 87 toward the pulley 83 side may be exerted. 
Accordingly, when the kick pedal 29 is kicked down, the 

55 helical gear 87 is displaced toward the pulley 83 side 
and the driving dog gear wheel 90 formed on the end 
face of the cap 89 is brought into engagement with the 
driven dog gear wheel 86. As a result, the crankshaft 12 
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is rotated, thereby allowing starting of the engine 200. 
After the engine is started, if the kicking down of the kick 
pedal 29 is reduced so that the sector helical gear 91 is 
rotated reversely by the return springs 92, 93, then the 
engagement between the driving dog gear wheel 90 5 
and the driven dog gear wheel 86 is cancelled. 

[0043] Subsequently, a lubricating oil supply sys- 
tem is described with reference to FIG. 7. The oil sup- 
plying side is provided below the crank chamber 9. A 
duct 148 for introducing oil is formed in an oil pan 147, to 
and oil is taken into a gear pump 149 in a direction of an 
arrow mark D1. The oil taken in the gear pump 149 is 
raised in pressure and discharged into a duct 150 and 
passes the duct 150 in directions indicated by arrow 
marks D2, D3 until it is discharged into the crank cham- 15 
ber. 

[0044] Here, a gear wheel 1 52 is coupled to a pump 
shaft 151 of the gear pump 149, and the gear wheel 61 
coupled to the crankshaft 12 is held in meshing engage- 
ment with the gear wheel 152. In particular, the gear 20 
pump 149 is driven by rotation of the crankshaft 12 and 
circulates the oil for lubrication. 
[0045] Subsequently, an arrangement of a sensor 
for outputting a crank pulse is described. FIG. 8 is a side 
elevational sectional view of the crankshaft and associ- 25 
ated members therearound showing an arrangement of 
a sensor (crank pulser) for generating a crank pulse, 
and FIG. 9 is a front elevational sectional view of them. 
Referring to FIGS. 8 and 9, the crankcase is composed 
of a front crankcase 99F and a rear crankcase 99R, and 30 
a crank pulser 153 is provided on the rear crankcase 
99R side such that it extends perpendicularly to the 
crankshaft 12. And, a detecting end portion 153a of the 
crank pulser 153 is disposed in an opposing relationship 
to an outer peripheral edge of a web 1 2 L A projection or 35 
reluctor portion 154 is formed on an outer periphery of 
the web 12L, and the crank pulser 153 is magnetically 
coupled to the reluctor portion 154 to output a detection 
signal of a crank angle. 

[0046] As described above, in the present embodi- 40 
ment, the sprocket wheel 59 for driving the camshaft 69 
and the gear wheel 61 for driving the oil pump are 
mounted on the crankshaft 12 adjacent the bearing 1 1 
on which the crankshaft 12 is supported. And, at a posi- 
tion neighboring the sprocket wheel 59 and the gear 45 
wheel 61, that is, at a position not far from the main 
bearing 11, the inner rotor 15 including the permanent 
magnets 19 is disposed. Particularly, the governor 
weight 55 of the governor mechanism which automati- 
cally change over starting and generation is disposed in so 
the proximity of the bearing 1 1 . 
[0047] The invention miniaturizes a four-cycle 
engine wherein camshaft driving means is provided on 
a crankshaft. [Solving Means] A sprocket wheel 59 for 
driving a camshaft is mounted on a crankshaft 12 which ss 
projects from a crank chamber 9, and a starter/genera- 
tor apparatus is provided on the outer side with respect 
to the sprocket wheel 59. A governor 54 including a gov- 



ernor weight 55 which operates with a centrifugal force 
is provided on the side of an inner rotor 15 adjacent the 
sprocket wheel 59 while a brush holder 41 including 
brushes 44 is provided on th outer side of the inner 
rotor 15. In order to bring the brushes 44 into and out of 
contact with commutator pieces 53 in response to a 
movement of the governor weight 55, the governor 54 
and the brush holder 41 are connected to each other by 
a connection pin 45. By the construction described, the 
extent over which the starter/generator apparatus 
projects to the outer side can be reduced. 

Claims 

1 . A starter/generator apparatus for a four-cycls inter- 
nal combustion engine having a valve driving sys- 
tem (60,69,72,69) for driving an intake valve 
(95)and an exhaust valve (96) provided on a cylin- 
der head (32) and driving means (59) for said valve 
driving system provided on one side of a crankshaft 
(12), characterized in that it comprises: 

an inner rotor (1 5) provided at an end portion of 
said crankshaft on the side on which said driv- 
ing means is provided and having a permanent 
magnet (19) disposed on a circumference 
thereof, 

an outer stator (47) disposed around an outer 
periphery of said inner rotor, 
a starting coi! (51) and a generating coi! wound 
on said outer stator, 

governor means (54) provided on said inner 
rotor on the side adjacent said driving means, 
feeding brush means (41,44 or said starting 
coil provided on said inner rotor for displace- 
ment in an axial direction of said inner rotor on 
the side opposite to the side on which said driv- 
ing means is provided, and 
connection means (45) for connecting said 
governor means (54) and said feeding brush 
means (41 ,44) to each other in order to bring 
said feeding brush means into and out of con- 
tact with the feeding side. 
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FIG- 6 
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